Introduction {#sec1}
============

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized by partial or complete episodes of upper airway obstruction. OSA occurs in all ages of children, most commonly in preschool children,[@bib1]^,^[@bib2] with a prevalence of approximately 2%.[@bib2], [@bib3], [@bib4] Unlike the adult OSA, only a small percentage of OSA children experience sleepiness during the day. Instead, they are more prone to neurocognitive deficits, behavioral changes, or attention-deficit/hyperactivity disorder.[@bib5]^,^[@bib6]

A number of risk factors are associated with childhood OSA. Adenotonsillar hypertrophy is considered a major risk factor.[@bib7] Other potential risk factors include craniofacial abnormalities, dental arch morphology, tongue size, soft palate size, and childhood obesity. For example, previous studies have found craniofacial abnormalities such as high angle face, greater mandibular plane angle, larger anterior facial height, and retrognathic mandible in preschool children with OSA.[@bib8], [@bib9], [@bib10] Only one study has investigated dental arch morphology during the primary dentition period as a predisposing factor for OSA among preschoolers. Lofstrand et al. found that children with sleep obstruction and OSA demonstrated significantly narrower maxillary arch and deeper palatal vault.[@bib8]

Currently, overnight polysomnography (PSG) is considered the gold standard for the diagnosis of OSA.[@bib11] The Apnea-Hypopnea-Index (AHI) is the most commonly used parameter to classify the severity of OSA. The OSA-18 developed by Franco et al. is a disease-specific questionnaire commonly used for evaluating the characteristics and quality of life among children with OSA.[@bib12] It has been suggested that clinicians should consider both the OSA severity and its impact on quality of life when managing pediatric OSA.[@bib13]

To the best of our knowledge, no previous studies have focused on the effect of mild obstructive sleep apnea (OSA) on craniofacial morphology as well as dental arch morphology and characteristics in preschool children with mild OSA during the primary dentition period. Hence, the objectives of the present investigation were:1.To use PSG as a diagnostic tool to recruit preschool children with mild OSA (1/hour \< AHI ≤ 5/hour), and children with AHI \< 1 as normal controls;2.To compare the characteristics between children diagnosed with mild OSA and normal controls by using the OSA-18 questionnaire; and3.To compare the dental arch and craniofacial morphology during the primary dentition period between the preschool children diagnosed with mild OSA and normal controls.

Materials and methods {#sec2}
=====================

This study (104-9308A3) and the protocol (201601757A3C501) were approved by the Institutional Review Board of the Chang Gung Memorial Hospital, Taiwan. Informed consent was obtained from participating children\'s parents.

Subjects: The subjects in the test group were referred to the Department of Pediatric Dentistry from the Department of Pediatric Psychiatry in the Chang Gung Memorial Hospital at Linkou, Taoyuan, Taiwan. The chief complaints were snoring and symptoms of obstructive sleep disorder. The control group consisted of siblings of the test group and they showed no symptoms of obstructive sleep disorder. The weight and height were measured for all subjects and the body mass index (BMI) was calculated (kg/m^2^).

The inclusion criteria for the test group were: 1) children with primary dentition, and 2) children with a diagnosis of mild OSA confirmed by overnight PSG. The criteria were the same for the control group, except that the AHI was less than 1 for overnight PSG. Exclusion criteria for both groups were: 1) children with the craniofacial syndrome or a history of adenotonsillectomy surgery, and 2) children with missing teeth.

Study model measurements: All subjects had upper and lower dental impressions. Plaster models of dental impressions were scanned using a 3D scanning system (3shape Dental System D640, 3shape A/S, Copenhagen, Denmark) with an accuracy of 15 μm. The casts were measured digitally using Simplant O&O software (Materialise Dental NV, Leuven, Belgium) by the same investigator (the first author of this study) who did not know the group allocation of the models.

The following were the parameters measured ([Fig. 1](#fig1){ref-type="fig"}):1.Molar relation: Molar relations are classified as mesial step, flush, and distal step by the terminal plane of lower primary second molar in relation to that of the upper primary second molar;2.Intercanine width: Distance between the midpoints of the canine cusp;3.Intermolar width: Distance between the centroid of the second primary molars;4.Upper arch length: Distance from incisive papilla to a line connecting the extreme distal points of the upper second primary molars;5.Lower arch length: Distance from the tip of gingival papilla between lower central incisors to a line connecting the extreme distal points of the lower second primary molars; and6.Palatal height: Palatal height was defined as the distance from the midpoint of palatal vault between primary molars to the occlusal plane. An occlusal plane was defined by incisal edges of central incisors and the tip of palatal cusp of primary second molars.Figure 1a & b: 1) Intercanine width. 2) Intermolar width. 3) Arch length (dotted line). c: Study model measurements of palatal height.Figure 1

Lateral cephalometric measurements: Lateral cephalometric radiographs were obtained for every subject with their head in natural position and teeth in centric occlusion. These lateral cephalometric radiographs were measured digitally by the same investigator (the first author of this study) using the PACS (Picture Archiving & Communication System) software. The investigator was blinded to the group allocation of the subjects. The landmarks and measurements were shown in [Fig. 2](#fig2){ref-type="fig"}.Figure 2A diagrammatic representation and definition of landmarks, reference lines, and variables used to identify facial skeleton, teeth, upper airway, soft palate, tongue, and hyoid bone. A: Subspinale. ANS: Anterior nasal spine. B: Supramentale. Eb: Epiglottis base. Go: Gonion. H: The most anterosuperior point of the hyoid bone. LIE: Lower incisor edge. Mn: Menton, the most inferior point on symphyseal outline. MP: Mandibular plane. N: Nasion. P: The most inferior tip of soft palate. PNS: Posterior nasal spine. PP: Palatal plane. S: Sella. SN: Line from sella to nasion. T: The highest point of tongue dorsum. TT: Tongue tip. UIE: Upper incisor edge. 1. SNA 2. SNB 3. ANB 4. SN-PP 5. SN-MP 6. AFH 7. Overjet 8. Overbite 9. MinRPA 10. MinRGA 11. SPT 12. MPT 13. TGL 14. TGH 15. MPH.Figure 2

Characteristics and quality of life survey: The caregivers of all subjects were asked to complete the Chinese version of OSA-18 which is divided into two parts. Part one: a questionnaire on characteristics. The questionnaire consists of 18 items along five domains (sleep disturbance, physical symptom, emotional symptom, daytime function, and caregiver concern). Each item is graded on a seven-point scale ranging from one (none of the time) to seven (all of the time) to evaluate the severity of the problem. The total score, the domain score, and the item score were recorded. Part two: quality of life. The caregiver used a 10-point visual analogue scale with specific semantic anchors to provide a direct global rating of OSA-related quality of life (QOL) of participating children.

Measurement error: To calculate the error of method, 10 randomly selected models and radiographs were measured again by one investigator (the first author of this study) one month after the initial measurements under the same condition.

Statistical analysis: The statistical analysis was performed using the SPSS statistical package (version 20, IBM Corp., Armonk, N.Y.). Intra-rater reliability was measured by the intraclass correlation coefficients for linear and angular measurements. Descriptive statistics were presented as mean and standard deviation. Linear and angular measurements for the two study groups were compared using the Mann--Whitney U test, and for categorical variables, the Fisher\'s exact test was used. A p value less than 0.05 was considered statistically significant.

Results {#sec3}
=======

The intraclass correlation coefficients for intra-rater reliability ranged from 0.964 to 0.997 for the study model measurements and from 0.846 to 0.998 for the lateral cephalometric measurements.

As shown in [Table 1](#tbl1){ref-type="table"}, the test group consists of eleven boys and five girls while the control group consists of five boys and five girls. The age, BMI, and sex distributions did not differ significantly between the two groups.Table 1Demographic data of study subjects.Table 1Test group\
(n = 16)Control group\
(n = 10)*p*-valueMean (SD)Mean (SD)Age (year)5.14 (0.79)5.18 (0.62)0.730BMI15.38 (2.24)15.19 (1.39)0.979AHI2.02 (0.85)0.43 (0.22)\<0.001\*[^1][^2]

Study model measurements: No significant difference was found in the distribution of molar relation between the two groups ([Table 2](#tbl2){ref-type="table"}). There was also no statistically significant difference in linear measurements between the groups ([Table 3](#tbl3){ref-type="table"}).Table 2The frequency and distribution of molar relation in the test group and the control group.Table 2Test group\
(n = 16)Control group\
(n = 10)*p*-valuenumber (%)number (%)Mesial step3 (18.75)2 (20)0.446Flush terminal plane11 (68.75)7 (70)Distal step2 (12.5)1 (10)Table 3Study model and lateral cephalometric measurements in the test group and the control group.Table 3Test group\
(n = 16)Control group\
(n = 10)p-valueMean (SD)Mean (SD)Study model measurementsUpper arch Inter-canine width29.84 (3.55)28.20 (1.75)0.356 Inter-molar width38.82 (3.40)39.47 (1.52)0.833 Arch length24.99 (1.64)24.23 (1.40)0.126 Palatal height13.30 (1.36)13.49 (1.30)0.772Lower arch Inter-canine width21.70 (1.83)21.89 (1.08)0.812 Inter-molar width34.37 (2.99)34.64 (1.43)0.874 Arch length22.37 (1.42)22.16 (1.31)0.712Lateral cephalometric measurementsSkeletal SNA (degree)80.64 (2.31)81.03 (2.05)0.712 SNB (degree)75.05 (1.96)76.97 (2.45)0.045\* ANB (degree)5.60 (1.60)3.83 (1.57)0.015\* SN-PP (degree)6.59 (2.28)7.24 (2.20)0.673 SN-MP (degree)39.22 (3.28)37.04 (4.80)0.162 AFH (mm)103.24 (4.57)100.48 (3.65)0.162Teeth Overjet (mm)3.11 (1.04)1.87 (1.18)0.023\* Overbite (mm)1.66 (0.86)1.88 (1.31)0.291Upper airway MinRPA (mm)6.11 (3.19)5.49 (1.25)0.792 MinRGA (mm)8.21 (2.82)7.66 (2.29)0.635Soft palate SPL (mm)26.95 (1.93)27.76 (2.96)0.317 MPT (mm)5.72 (1.10)5.37 (1.46)0.874Tongue TGL (mm)58.12 (3.20)58.03 (4.83)0.461 TGH (mm)27.46 (2.98)26.05 (3.08)0.370Hyoid bone MPH (mm)7.97 (4.09)9.45 (4.59)0.292[^3][^4]

Lateral cephalometric measurements: In the mild OSA group, a significantly larger anteroposterior maxilla and mandible discrepancy (ANB angle, p = 0.015), a more reduced SNB angle (p = 0.045), and larger teeth overjet (p = 0.028) were seen ([Table 3](#tbl3){ref-type="table"}).

Characteristics and quality of life survey: Children diagnosed with mild OSA experienced loud snoring during sleep and mood swing or tantrums more frequently ([Table 4](#tbl4){ref-type="table"}).Table 4Characteristics and quality of life based on the OSA-18 survey.Table 4Test group\
(n = 16)Control group\
(n = 10)*p*-valueMean (SD)Mean (SD)Sleep disturbance10.71 (2.92)9.67 (4.92)0.227 Loud snoring3.50 (0.86)2.44 (1.33)0.037\* Breath- holding/Pauses1.93 (0.91)2.33 (1.41)0.597 Choking or gasping2.50 (1.34)2.22 (1.48)0.445 Fragmented sleep2.79 (1.19)2.67 (1.00)1.000Physical symptoms12.14 (4.37)11.00 (2.55)0.465 Mouth breathing3.57 (1.40)2.67 (1.11)0.105 Frequent colds or URIs3.43 (1.40)3.33 (0.70)0.870 Rhinorrhea3.07 (1.33)3.22 (0.67)0.480 Dysphagia2.07 (1.14)1.78 (1.09)0.522Emotional symptoms9.64 (2.85)7.33 (3.60)0.076 Mood swing or tantrums3.57 (0.85)2.56 (0.88)0.017\* Aggressive-ness or hyperactivity2.93 (1.27)2.11 (1.36)0.129 Discipline problems3.14 (1.23)2.67 (1.48)0.271Daytime function8.14 (3.44)6.56 (2.60)0.280 Daytime drowsiness1.64 (0.84)1.44 (0.73)0.588 Poor attention span3.21 (1.80)2.44 (1.33)0.319 Difficulty in awakening3.29 (1.64)2.67 (1.00)0.432Caregiver concern12.29 (6.11)9.44 (6.59)0.137 Over child\'s health3.93 (1.39)3.00 (1.87)0.219 Over child not getting enough air2.93 (1.69)2.44 (2.13)0.315 Missing daily activities2.50 (1.74)2.00 (1.41)0.476 Feeling frustrated2.93 (1.97)2.00 (1.80)0.192Total OSA-18 Score52.93 (14.14)44.00 (17.39)0.088QOL6.92 (1.68)7.56 (1.76)0.452[^5]

Discussion {#sec4}
==========

The present study found no significant difference in dental arch dimensions between children diagnosed with mild OSA and healthy children. This finding contrasts with those in previous studies. Lofstrand et al. found that four-year-old obstructed children had narrower maxillary arch width, shorter lower arch length, and higher palatal vault.[@bib8] Pirliia et al. (1995) also found a tendency to narrower maxillary and shorter lower arch length among seven-year-old OSA children during the mixed dentition period, but no significant difference in palatal height between OSA children and normal controls.[@bib15]

This discrepancy could be the function of disease severity and the age of the subjects in the current study:

Disease severity: It has been suggested that children with OSA tend to have mouth breathing and lower tongue position which cause an imbalance in muscular forces of cheek and tongue.[@bib16] The tongue position has also been shown to correlate with the severity of OSA.[@bib17] The altered functioning of muscles induced by the morphological change in the dental arch renders the maxillary arch high and narrow. Furthermore, according to Maeda et al., there was an inverse correlation between narrow upper dentition and the AHI.[@bib18] In the present investigation, the study subjects were mild OSA children whose AHI ranged from 1.1 to 4.2, unlike the children in previous studies who suffered from more severe OSA and presented a higher range of AHI (3.5--17.3).[@bib8]^,^[@bib15] Thus, we postulate that the mild OSA among children in the current study causes less alteration of muscle functioning and results in less change in the dental arch morphology.

Age of the subjects: The effect of mouth breathing and altered tongue position on dental arch morphology takes time to manifest. The children included in this study were still relatively young.

There was also no significant difference in the distribution of molar relation between the test and control groups in the present study. No previous studies have investigated the molar relation during the primary dentition period. Pirila et al. found that OSA children during the mixed dentition period had a tendency of class II molar relation.[@bib15] The differential growth of the mandible relative to the maxilla is an important factor as the molar relation transitions from the primary dentition to permanent dentition periods.[@bib19] Flush terminal plane was found in most children in the present study. To transition from flush terminal plane to class I molar relation requires the mesial movement of mandibular molar and the differential growth of the mandible.[@bib20] Children with OSA have been found to have abnormal growth hormone secretion causing deficient ramus growth and oral-facial hypotonia which lead to secondary changes in maxillary-mandibular growth.[@bib16]^,^[@bib21]^,^[@bib22] Thus a long-term study will be needed to investigate whether unfavorable mandibular growth may hinder the flush terminal in OSA children from transitioning to class I molar relation and the flush terminal transitions to class II molar relation, instead.

Several cephalometric characteristics have been found to correlate significantly with mild OSA. In the present study, children with mild OSA were more likely to have a skeletal class II malocclusion (larger ANB angle) and a more retrognathic mandible (decreased SNB angle). These findings mirror those in previous studies,[@bib9]^,^[@bib23]^,^[@bib24] suggesting the existence of certain genetic predisposition to the disease. The retrognathic mandible may result in a decreased space between the cervical column and the mandible, leading to a posteriorly postured tongue and soft palate and increasing the chance of impaired respiratory function.[@bib25] A larger overjet was another key cephalometric finding among mild OSA preschoolers in the current study. This is in agreement with the study results by Pirila et al.(2008) who found that older children diagnosed with OSA tended to have significantly larger overjet and reduced overbite.[@bib15] This may be attributed to increased overjet as resulted from the mouth breathing of OSA children.

The dimensions of the upper airway, soft palate and tongue, and the position of the hyoid bone were not significantly different between the preschool children with mild OSA and controls in this study. In contrast to this finding, previous studies have reported a narrower upper airway and more inferiorly positioned hyoid bone in children diagnosed with OSA.[@bib9]^,^[@bib10]^,^[@bib26]^,^[@bib27] It has been suggested that the lower position of the hyoid bone might have served as a compensatory mechanism to alleviate the increase in airway resistance caused by a reduced airway space.[@bib28] According to Ozedemir et al., there was an inverse correlation between the minimal posterior airway space and the AHI, and a positive correlation between the position of the hyoid bone and the AHI.[@bib29] The lack of a significant difference in the changes in the airway dimension and the position of the hyoid bone in the current study could be the function of the relatively mild OSA among the participating children.

The current study examined the characteristics and quality of life using the OSA-18 questionnaire. In this study, the preschool children with mild OSA experienced more loud snoring and mood swings. An earlier study also showed that OSA children suffered more behavioral and emotional problems.[@bib30] Moreover, the present study showed that day time drowsiness was not a common characteristic in preschool children with mild OSA, which echoes the findings in previous investigations.[@bib6]

To the best of our knowledge, this is the first study that uses PSG as the diagnostic tool for both the test and control groups to investigate the dental arch morphology as well as the craniofacial structure and characteristics in preschool children with OSA. In current research, we excluded the children with most common etiology (i.e. hypertrophic tonsils and adenoids) to focus on the effect of craniofacial and dental arch morphology.

The remaining samples are distinctive and valuable due to the cooperation from young patients. There are, however, some limitations of the study. First, the sample size is relatively small, because of the low prevalence of the disease and the challenge in getting patients of young age to cooperate. It is more difficult to reach a level of difference that is statistically significant. Second, 2-D cephalometric measurements have their inherent structural limitations, such as error of projection and error of identification.[@bib31]

Clinical implications: Among one-third of children with mild OSA, the natural history is a worsening of disease.[@bib32] Early intervention may be needed to prevent the condition from deteriorating. Many forms of oral appliance have been proposed for the treatment of OSA, such as rapid maxillary expansion, modified monobloc appliance, and oral myofunctional therapy device.[@bib23]^,^[@bib33] Our study results showed that, for children with mild OSA during the primary dentition period, there\'s an anteroposterior discrepancy between the maxilla and the mandible without the narrowing of dental arch. The use of functional appliances such as tongue training or mandibular repositioning devices in these patients may be promising and worth further investigations.

We conclude that even young children with a mild form of OSA experience more loud snoring and emotional swings. These children have a significantly larger discrepancy between the anteroposterior maxilla and mandible, more retrognathic mandible, and larger teeth overjet. The dental arch morphology is not significantly different between the OSA children and normal children.
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[^1]: \*p-value \< 0.05, which is deemed statistically significant.

[^2]: BMI: Body-mass-index; AHI: Apnea-hypopnea-index.

[^3]: \*p-value \< 0.05, which is deemed statistically significant.

[^4]: AFH: Anterior facial height; ANB: Anteroposterior maxilla and mandible discrepancy; MinRGA: Minimal retroglossal airway; MinRPA: Minimal retropalatal airway; MPH: Vertical position of hyoid bone; MPT: Thickness of soft palate; SNA: Position of maxilla relative to cranial base; SNB: Position of mandible relative to cranial base; SN-PP: Palatal plane angle; SN-MP: Mandibular plane angle; SPL:Soft palate length; TGH: Height of tongue; TGL: Length of tongue.

[^5]: \*p-value \< 0.05, which is deemed statistically significant.
